Flow Field Predictions of Bluff Body Introduced Micro Combustor  by Sarath, C.G. et al.
 Procedia Technology  24 ( 2016 )  420 – 427 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICETEST – 2015
doi: 10.1016/j.protcy.2016.05.058 
*Sarath C G Mob.NO: 8907432281 E-mail aaddress: sarathcg06@gmail.com
International Conference on Emerging Trends in Engineering, Science and Technology (ICETEST 
- 2015)
Flow Field Predictions of Bluff Body 
Introduced Micro combustor
Sarath C.G.a,Sreejith M.b,Reji R.V.c
abDepartment of Mechanical EngineeringLBS College of Engineering Kasaragod 671542
cDepartment of Mechanical Engineering College of Engineering Trivandrum 695016
Abstract
Combustion in micro scale is the area having wide scope in this era of miniaturization of energy efficient devices. Some 
important areas of application are in the field of propulsion as a micro thruster and as an apt replacement for conventional 
batteries by accounting the high energy density of micro combustors. Numerical simulation of combustion is a challenging 
process due to associated chemical reaction, unsteadiness and non equilibrium nature. In this work a numerical study has been 
carried out in a typical non premixed micro combustor. The steady simulations of micro combustor without and with bluff body 
are analyzed for different fuel inlet velocities. For studying the effect of location of bluff body, the micro combustor with wall 
positioned bluff body is separately analyzed by changing the position of bluff body along axial direction. The effect of different 
bluff body shapes and significance on its location in combustion process is analyzed. The results are presented in the form of 
contours of velocity, temperature and mass fractions.
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1. Introduction
            In order to extract maximum energy from available fuel, miniaturization of devices is preferable because
they offer better control, more precise measurements and more flexibility than the conventional ones. However, the 
newer applications also demand greater sophistication in efficiency, weight and reliability; for example in space 
propulsion and battery operated devices. The energy needed for operating these devices is obtained by using a 
number of methods including batteries, fuel cells and most importantly, combustion. Combustion is the most 
important route to convert chemical energy of various fuels like hydrogen, natural gas, fuel oils, gasoline and 
alcohols into thermal energy. Due to obvious restriction on available volume in miniature devices, combustion based 
energy converters need to operate at necessarily small length scale in these devices. In this respect, combustion is 
termed as micro-combustion because the characteristic length scale of the confined space is of the order of 100-1000 
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μm.[1] If it is possible to integrate such a “micro-combustor” in miniature devices, then its attributes such as 
flexibility in terms of distributed and autonomous operation, enhanced overall efficiency, reduction in emissions and
improvement in economy and reliability become visible and useful[7]. The present work is an attempt to learn how 
the introduction bluff body in the flow field of micro combustor affects its performance characteristics. For getting 
more clarity in the result different bluff body combinations are analysed. The study is also extended to the 
positioning of wall positioned bluff body in the micro combustor. The numerical study is carried out using ANSYS 
Fluent 15. The micro-scale flows are generally characterized by non equilibrium wall condition and difficulty in 
calculating the wall friction velocity [2]. 
By accounting physical measurement of combustor, the characteristics length of the combustor is more than the 
molecular mean free path (λ) the continuum approach and standard conservation equations are valid[3]. But most of 
the published works reports that the equilibrium/continuum approach is valid for their cases of consideration [3][4]. 
For species transport combustion model along with k-e turbulence model is adopted for this study [4]. The main 
issue associated with micro combustor is the instability in flame due to low residence time so the major portion of 
the charge is leaving the combustor as unburned. The presence of recirculation zone can minimize this scenario to 
some extend [5]. Being small in size it is very difficult to measure the parameters inside the micro combustor and 
more than that more sophisticated measuring devices are required. So an effective method of analyzing flow 
characteristics is numerical analysis. 
The main aim of this work is to predict the performance improvement in micro combustor by incorporating bluff 
bodies of different shape. Its performance parameters are analysed for different fuel inlet velocities by keeping a 
fixed oxidiser velocity. The experiment is repeated by changing the position of bluff body, the performance 
parameters such as temperature, velocity, rate of combustion were analysed using contours and plots
Nomenclature
Component of velocity
      Steady component of velocity
Fluctuating component of velocity
ρ Density
µ Kinematic viscosity
Kronecker delta
Consistent pre exponential factor
T Absolute temperature
K  Turbulence kinetic energy
P Pressure
Effective conductivity
2. Numerical modelling
          Mathematical modeling of the problem is done by Computational Fluid Dynamics (CFD), a branch of fluid 
mechanics that uses numerical analysis and algorithms to solve and analyze problems that involve fluid flows. In 
CFD, the conservation of mass, momentum, energy is evaluated in the flow domain. Based on the physics associated 
with the problem continuity, Navier-Stokes equation, Energy equation, ideal gas approximation, Arrhenius equation, 
turbulence equation, etc. are evaluated in the simulation process. The iteration up to a particular level of 
convergence selected for proper prediction of results. In solving step the associated equations are solved iteratively 
as a steady-state or transient. After adequate convergence the results are evaluated in post-processing step. The 
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result from the case simulated is extracted in the form of values, plots, charts, animations etc. All the following 
governing equations for the micro-combustor have been considered to judge the convergence of CFD simulated 
models. The solution variables in the instantaneous Navier-Stokes equations are decomposed into the mean and 
fluctuating components in Reynolds averaging and ensemble-averaged momentum equations or so-called Reynolds-
averaged Navier-Stokes (RANS) equations for the components and it can be achieved based on following equations
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In order to model the Reynolds-averaged approach to turbulence, the Reynolds stresses in momentum equation 
should be modelled. Employs the Boussinesq hypothesis to relate the Reynolds stresses to the mean velocity 
gradients
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Where Keff is the effective conductivity, Jj is the diffusion flux of specious j and Sh is the heat of chemical reaction. 
The kε turbulence model (k is turbulence kinetic energy and ε turbulence dissipation) A turbulence model is a 
computational procedure to close the system of mean flow equations. For most engineering applications it is 
unnecessary to resolve the details of the turbulent fluctuations. Turbulence models allow the calculation of the mean 
flow without first calculating the full time-dependent flow field. We only need to know how turbulence affected the 
mean flow. In particular we need expressions for the Reynolds stresses.
In the present case certain assumptions are taken based on the physics associated with the problem the assumptions 
are listed below
x Flow is having steady incompressible nature
x No buoyancy effect
x Axe-symmetric modelling can be used for the case with axe-symmetrical geometrical nature.
x No Swirl components associated with the flow.
x Species transport with reaction chemical equilibrium model
x Discrete Ordinate radiation model is adopted
The wall material was steel and the surface reaction effects were eliminated in this work. The computational 
domain consists of the region inside the combustor excluding solid bluff body.  The commercial CFD package 
ANSYS Fluent14 was used in this work. First-order upwind scheme was applied for discretization. For the 
pressure velocity coupling, the SIMPLE Algorithm is used. The other solver settings are gradient evaluation 
by least squares cell method, standard pressure evaluation, second order upwind for momentum and energy 
and first order upwind for turbulent kinetic energy and turbulent dissipation rate. The structured grids 
generated using block meshing strategy of ANSYS ICEM CFD is used in this work. The simulations are carried 
out by using an i3 computer with 6 GB of RAM. 
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3. Problem definition
          In order to analyze the nature of micro combustion a steel pipe of 15mm length with separate openings for 
fuel and oxidizer inlet is chosen. A non premixed combustion method is carried out. Methane is used as fuel and air 
as oxidizer. Air is considered as a mixture of 21% Oxygen and 79% Nitrogen. Combustion phenomenon is 
studied for different values of fuel inlet velocities (0.5, 1, 2, and 4 m/s) by maintaining a constant value (10m/s) for 
oxidizer inlet velocity. Same case is extended to combustor with bluff bodies of different shape. The no-slip 
wall boundary with adiabatic condition is taken for bluff body surface and combustor wall surfaces. The flow 
outlet is taken as pressure outlet. Figure 1 depicts the geometric details of the micro combustor of 15mm length 
and 2mm diameter. Along with this a cone shaped bluff body is introduced 1mm away from inlet. The cases with 
disc shaped bluff and wall positioned bluff without altering the physical parameters of combustor also analysed.
 
Fig.1. Combustion chamber with cone bluff
4. Results and discussion
This section present the results obtained from the simulations of different configurations of micro-combustor. 
The effects of fuel inlet velocity and different baffle shapes are studied by keeping constant oxidiser velocity.  
Contours of velocity, temperature and mass concentration of CH4, O2, CO2, H2O and the variation of temperature, 
velocity and species mass fractions are evaluated over the axis and wall locations are presented. The non pre-mixed 
combustion simulations for different cases such as without baffle, with vertical baffle, coned baffle and wall baffle 
are discussed in separate sections. Later the comparison of these cases is also carried out.
4.1. Non premixed combustion without bluff body
           Figure 2 shows the velocity contours from different fuel inlet velocity boundary conditions. Even in the case 
with inlet fuel velocity 0.5 m/s a maximum domain velocity of 31 m/s is observed. As the fuel velocity increases the 
maximum value increased and reaches up to 73.6 m/s for the fuel inlet boundary condition of 4m/s. The cases with 
lower values of fuel inlet velocity shows deviation of fuel inlet direction due to a blockage observed in the form of 
standing vortex. It can be seen that the vortex structure is having a toroidal shape, is diminishes as fuel inlet velocity 
increases.
                                               
Fig. 2. Velocity contours over mid plane of the flow domain in the case without bluff body.
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Fig. 3. Path lines coloured by velocity in the inlet region for the case with fuel inlet velocity 0.5, 1 and 2m/s
Fig. 4.Temperature contours over mid plane of the flow domain without   bluff body for different fuel inlet 
velocities.
Figure 4 shows the temperature contours over the flow domain for different inlet velocities. The exothermic nature 
of reactions associated with combustion process is clearly visible. Even though the equilibration starts at the point of 
mixing itself, the complete combustion is visible in the downstream regions. As the velocity increases the reactions 
rate is increased due to presence of more fuel and increases mixing due to turbulence. The maximum temperature 
observed is varied from 1647 K to 2121 K from a fuel velocity of 0.5 to 4 m/s. For lower velocity conditions in the 
vicinity of fuel inlet region, shows higher temperature due to proper mixing of fuel and air in vortex regions. For 
higher axial velocities near to the outlet the high temperature zone is shifted to radial direction. This is due to the 
lower reaction rate at higher velocities in the core region.
Fig. 5. Mass fraction contours of CH4 over the flow domain in the case without   bluff body.
Figure 5 shows the contours of mass fractions of CH4.  Complete burning of methane is observed at about 70% and 
80 % of total length of combustor for fuel inlet velocities 0.5 and 1m/s respectively. An amble quantity of methane 
is leaving the domain without any reaction for higher fuel inlet velocities. Figure 6 shows mass fractions of CO2 it
affirms the prediction of lower velocity conditions in the vicinity of fuel inlet region, shows higher temperature.
.
Fig. 6. Mass fraction contours of CO2 over the flow domain in the case without   bluff body 
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4.2. Non premixed combustion with disc shaped bluff body
Fig. 7.Velocity Contours over mid plane of the flow domain in the case of vertical bluff body.
In this arrangement a bluff body of disc shape is introduced in the flow path as in figure 1 instead of cone shaped 
bluff body.
Figure 7 shows velocity contour and the values of maximum velocity when comparing with the case 1 it can be seen 
that the value of maximum velocity is larger due to the formation of a standing vortex at the rear end of obstruction 
along with the vortex at the fuel inlet area, both leads to thorough mixing and effective combustion.
Fig.8. Path lines coloured by velocity for the case with fuel inlet velocity 0.5, 1, 2 and 4m/s respectively
Figure 8 depicted the local flow nature in the entry regions. If size of vortex structure at fuel inlet and disc shadow 
region reduces as the fuel inlet velocity increases. At low velocities combustion process is more prominent in the 
shadow region due to the presence of proper mixing in the vortex regions than the downstream flow.
Fig.9. Temperature contours over mid plane of the flow domain in the case of disc shaped bluff body. 
Fig. 10. Mass fraction of CH4 over the flow domain with vertical bluff body for different fuel inlet velocities.
Figure 9 shows the maximum value of temperature and its variation at different distances. The value of temperature 
is increased from case 1 due to more turbulence and effective mixing off fuel and oxidizer. Figure 10 shows the 
contour of CH4 mass fractions. Compared to case 1 here the amount leaving is less i.e. the process of combustion is 
more effective with the aid of a bluff body.
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4.3. Non premixed combustion with cone shaped bluff body
The flow behaviour obtained for the cone bluff body is almost similar to that of disc shaped bluff body except 
in few areas that would not play a vital role in performance of the combustor. Introduction of wedge bluff aids the 
shifting of toroidal vortex to further downstream and vanishes quickly for higher velocities. It’s clear from figure 11 
and 12 that there is not that much variation in temperature characteristics in both the cases, and due to the absence of 
thorough mixing at the inlet the amount of unburned left the combustor also more compared to the vertical bluff 
Fig. 11.Temperature distribution over the axis in the case of cone shaped bluff body.
                                                    
Fig .12.Contours of CH4 in the case of cone bluff                
4.4. Non premixed combustion with different wall bluff body combinations
In this case a bluff body is introduced at the wall and nature of combustion is analyzed and the process is repeated 
by keeping the bluff body at different positions in the wall field. Mainly three cases were analyzed at three different 
distances from inlet(1mm,2mm,3mm).The case is analyzed by keeping the same condition followed in the earlier 
cases. In that more realistic and effective combustion got by positioning the bluff body at 2mm distance.                                   
4.5. Comparison of non premixed combustion with and without bluff body 
            The percentage mass fractions of methane leaving the domain for the different cases carried out are tabulated 
in the table 1. It is clear that introduction of bluff body is very effective in increasing combustion rate there by 
increasing the performance of combustor. For the domain considered the performance reduces as the fuel inlet 
velocity increases. For a velocity of 4m/s around 49% of fuel is found leaving the domain as unburned. By 
analyzing all the cases reached a conclusion that the wall mounted bluff body shows better performance compared 
to all other cases. The location of bluff body also plays a prominent role in enhancing the rate of combustion. The 
combustor shows poor performance when the position of bluff is shifted more on downstream.
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Table 1. Comparison of percentage of unburned fuel exit for different fuel velocity in the case micro combustor with and without bluff body
Cases                                                                Percentage  loss in CH4 for different inlet
                           (Fuel Velocities in m/s) 0 .5                1                     2                   4
No Bluff                                                       1.75             6.4                  25.2              49
Vertical Bluff                                               0 .3                6                    21                43
Wedge Bluff                                                 0.66              7.6                  23.6              43.8
Wall bluff -1mm                                           0.1                0.91               12.2              41.6
Wall bluff -2mm                                         0.041            0.39                7.77              37.7
Wall bluff -3mm                                         0.048            0.43                8.9                39
5. Conclusions
Numerical study of flow prediction through micro-combustor is carried out as a function of fuel inlet and bluff body 
shape. The boundary conditions such as oxidizer inlet velocity and outlet boundary is kept constant. Commercial 
CFD package Ansys Fluent 15.0 is used for the simulation. Methane-air combustion is carried out using volumetric 
reaction in species transport model. Turbulence chemistry interaction is carried out using eddy dissipation model. 
The results are presented in the form of contours of temperature, velocity, mass fractions of methane and CO2. The 
variation of parameters along axis and wall location is also presented. By analyzing the results from the numerical 
simulation following predictions are obtained.
x As fuel inlet velocity increases corresponding increase in reaction rate is obtained. The localized rise in 
temperature and velocity shows the presence of reaction. The unburned mass fraction of methane is 
increased with higher values of fuel inlet velocities. This shows that at high velocities the length of 
chamber is an important design criterion.
x At lower velocities combustion process is occurred near inlet region due to formation of standing vortex at 
the fuel flow passage. As velocity increases the size of standing vortex diminishes and the combustion is 
prominent in the downstream of flow.
x Introduction of bluff body in the combustion chamber shows an increased performance, which results in 
less methane fraction at the outlet boundary.
x When comparing the results of disc shaped and cone shaped bluff body, there is no significant change in 
flow characteristics. 
x Bluff body fixed on the wall shows better performance than those placed at the core region. By changing 
the location of the bluff body further downstream of flow shows less performance than that placed at near 
to the inlet.
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